Abstract. Epithelial-mesenchymal transition (EMT) is an important process in the invasion and metastasis of human cervical carcinoma. The pro-inflammatory cytokine interleukin-6 (IL-6) has been shown as an EMT inducer in multiple carcinomas. However, whether the EMT program can be induced by IL-6 and the mechanisms underlying the IL-6-induced EMT in human cervical carcinoma remain to be determined. In this study, we show that IL-6 receptor (IL-6R) and signal transducer and activator of transcription 3 (Stat3) were highly expressed in human cervical squamous cell carcinoma (CSCC) tissues, and the expression of EMT markers was reversed in well-differentiated and poorly-differentiated human CSCC. Additional experiments showed that IL-6 exposure in cervical carcinoma cell lines induced IL-6R and Stat3 expression, markedly promoted cell growth, and altered cell morphology. The treatment of cervical carcinoma cell lines with IL-6 resulted in downregulation of E-Cadherin and upregulation of Vimentin. Importantly, knockdown of Stat3 significantly reversed the IL-6-induced EMT program, suggesting that Stat3 is necessary for IL-6-induced EMT in the progression of human cervical carcinoma. Moreover, Slug, a member of the Snail family of EMT regulators, was observed to be associated with the expression of Stat3. We concluded that IL-6 plays an important role through Stat3 in the EMT induction and can be a potential therapeutic target and biomarker for human cervical carcinoma.
Introduction
Human cervical carcinoma is one of the leading malignancies in women worldwide (1) . Approximately 80% of human cervical carcinoma is squamous cell carcinoma (SCC), while only 20% of remaining cervical carcinoma is adenocarcinoma (2) . Epidemiological and laboratory data have shown that human cervical carcinoma is mainly associated with human papillomavirus (HPV) infections (3, 4) . The HPV infection and replication in cervical squamous epithelial cells resulted in increasing the risk of developing cervical carcinoma (5) . However, accumulated data indicate that only a small number of women infected with HPV finally develop a highly malignant cervical carcinoma, suggesting that other factors are necessary for development of human cervical carcinoma (6) .
Interleukin-6 (IL-6) is a central pro-inflammatory cytokine, which has been described as an important factor for the pathogenesis of human cervical carcinoma (7) . In addition, IL-6 is highly expressed in invasive cervical carcinoma and is associated to the pathogenesis of HPV-related cervical carcinoma (8) . These data support the hypothesis that IL-6 signaling may participate in the development of human cervical carcinoma. Classic IL-6 signaling requires binding of IL-6 to interleukin-6 receptor (IL-6R) and subsequent activation of signal transducer and activator of transcription 3 (Stat3), a downstream protein of IL-6R (9) . Stat3 is typically located in the cytoplasm when Stat3 is inactive, then Stat3 forms homodimers and enters the nucleus binding to DNA-response elements after phosphorylation of Stat3 (10) . Stat3 has been demonstrated to play an important role in human cervical carcinoma and its activation by IL-6 stimulation is connected with enhanced cancer cell growth, survival and immune evasion (11) (12) (13) .
Epithelial-mesenchymal transition (EMT) was originally described as an essential process for specific developmental stages and embryonic epithelial cells migration in early embryogenesis (14) . Studies have also shown that EMT is an important process in many types of human epithelial carcinoma including cervical carcinoma (15) (16) (17) (18) (19) . During EMT, cancer cells lose their epithelial properties and gain mesenchymal characteristics (20) . As an epithelial cell marker, E-Cadherin Interleukin-6-induced epithelial-mesenchymal transition through signal transducer and activator of transcription 3 in human cervical carcinoma JIN-WEI MIAO 1 , LI-JIANG LIU 2 and JIE HUANG is a cell adhesion molecule and is associated with suppression of cancer cell motility and invasion (21) , whereas, the expression of mesenchymal cell marker Vimentin in cancer cells is believed to enhance migration and invasiveness, and is regulated by several transcription factors including Slug in cancer progression (22, 23) . Several factors such as EGF are known to regulate EMT in human cervical carcinoma (19) . However, whether IL-6 plays an important role in EMT induction and the mechanisms underlying the IL-6-induced EMT remain to be determined. In this study, we investigated the role of IL-6 and its downstream protein Stat3 in regulating the EMT program in human cervical carcinoma. We show that IL-6R and Stat3 were highly expressed in human cervical squamous cell carcinoma (CSCC) tissues, and the expression of EMT markers was reversed in well-differentiated and poorly-differentiated human CSCC. Furthermore, IL-6 exposure of cervical carcinoma cell lines induced IL-6R and Stat3 expression, markedly promoting cell growth, and altered cell morphology. The treatment of cervical carcinoma cells with IL-6 resulted in significant upregul ation of Vimentin expression and downregulation of E-Cadherin expression. Knockdown of Stat3 in cervical carcinoma cells significantly reversed the IL-6-induced EMT program, suggesting that Stat3 is necessary for IL-6-induced EMT in progression of human cervical carcinoma. Moreover, we show a correlation between Stat3 and EMT regulatory factor Slug in cervical carcinoma cells. Our findings, therefore, identify a novel mechanism of IL-6-induced EMT program and a potential therapeutic target for human cervical carcinoma.
Materials and methods
Primary antibodies and reagents. Recombinant human IL-6, human IL-6 receptor α and β antibodies, IL-6 receptor inhibitor and β-actin were obtained from Sigma. Stat3 and p-Stat3 antibodies were obtained from Cell Signaling Technology. E-Cadherin and p-Slug antibodies were obtained from BD Transduction Laboratories. Ki67 antibody was obtained from Dako. CK8, CK14, CDK4, Cyclin D1 and p63 antibodies were obtained from Santa Cruz Biotechnology, Inc. Vimentin antibody was obtained from Chemicon.
Human normal and cervical squamous cell carcinoma tissues.
Human normal and CSCC tissues were obtained from the Department of Pathology and Pathophysiology, School of Medicine, Jianghan University in Wuhan, China, and from Department of Gynecologic Oncology, Beijing Obstetrics and Gynecology Hospital, Capital Medical University in Beijing, China, respectively. The ethics were reviewed and approved by the board of the hospital at Jianghan University and by the board of the hospital at Capital Medical University. Patients with previous radiotherapy or chemotherapy were excluded from this study. All human normal and CSCC tissues were fixed in 10% formalin until analyzed.
Cell culture. The HeLa cervical cancer cell line (HPV-positive) and the C33A cervical cancer cell line (HPV-negative) were obtained from American Type Culture Collection. Both cell lines were grown in Dulbecco's Modified Eagle's medium (DMEM) (HyClone) supplemented with 10% fetal bovine serum (FBS) (Gemini Bio-Products) and 1% penicillin/ streptomycin solution (Thermo Fisher Scientific). Cells were incubated at 37˚C in a humidified incubator with 5% CO 2 until cells reach 80% confluence, then cultured in serum-free medium for 24 h. Triplicate wells of cells were incubated for up to 48 h in the presence of 0-200 ng/ml IL-6. In some experiments, cells were also treated with 10 µM curcumin (an inhibitor of IL-6 receptor). Cells were evaluated for mRNA and/or protein levels of IL-6 receptor, E-Cadherin, Vimentin, p-Slug, p-Stat3 and Stat3.
Tissue immunofluorescence staining. Human normal and CSCC tissues were fixed in 10% formalin and embedded in paraffin. After deparaffinization, sections were boiled in an antigen unmasking solution for 15 min and blocked in 5% non-fat milk in PBS for 30 min at room temperature. Sections were incubated with primary antibodies (Ki67, 1:200; CDK4, 1:100; Cyclin D1, 1:100; CK8, 1:100; CK14, 1:200; p63, 1:50; E-Cadherin, 1:100; Vimentin, 1:200; IL-6Rα, 1:100; IL-6Rβ, Stat3, 1:100; and p-Stat3 1:100) overnight at 4˚C, followed by incubation with fluorescent-conjugated secondary antibodies (Molecular Probes) for 1 h at room temperature in the dark. Mounting medium (Vector Laboratories) was used with 4',6'-diamino-2-phenylindole (DAPI) at 1 µg/ml for 30 min, and the sections were analyzed by fluorescence microscopy with a Carl Zeiss Axioscope (Carl Zeiss).
Immunocytochemical staining. Following treatment with IL-6 (50 ng/ml) or IL-6 + curcumin (10 µM) for 48 h, HeLa and C33A cells were plated on 8-well coverslips and fixed with ice cold methanol for 5 min at -20˚C. Cells were washed 3 times with ice-cold PBS, exposed to 0.1% Triton X-100 in PBS for 5 min, and then washed with 0.1% Triton-X 100 in PBS. Cells were incubated with primary antibodies diluted in PBS with 3% bovine serum albumin (BSA) followed by a 1-h incubation at room temperature in 0.1% Nonidet P-40 in PBS. Coverslips were incubated with a solution containing fluorescent isothiocyanate-conjugated goat anti-mouse IgG (green) (Wako Pure Chemical Industries) and Rhodamine-conjugated goat antirabbit IgG (red) (Sigma) for 1 h at room temperature. Finally, the coverslips were mounted with 4' ,6'-diamino-2-phenylindole (DAPI) at 1 µg/ml for 30 min and analyzed by fluorescence microscopy with a Carl Zeiss Axioscope (Carl Zeiss, Inc.).
RNA extraction and real-time polymerase chain reaction (PCR).
Total RNA was extracted using RNA STAT-60 (Tel-Test) according to the manufacturer's protocol. First-strand cDNA was synthesized using 1 µg of total RNA in a 20-µl final volume by reverse transcription utilizing SuperScript II Reverse Transcriptase (Invitrogen) with oligo-dT(18)-primers (Invitrogen). The real-time PCR reactions were performed using SYBR-Green Master Mix kit according to the manufacturer's instructions (Applied Biosystems). RNA for IL-6, E-Cadherin, Vimentin, and Stat3 was amplified using ABI Prism 7000 Sequence Detection System (Applied Biosystems). The primers for this study (Invitrogen) are shown in Table I . For all real-time PCR studies, negative controls were a non-reverse transcriptase reaction and a non-sample reaction (data not shown). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was amplified as an internal standard.
Western blotting. HeLa and C33A cell lysates (1 mg/ml) were run on 12% sodium dodecyl sulfate/polyacrylamide gels under non-reducing conditions and transferred to nitrocellulose. After blocking the membrane with 3% non-fat milk, the membrane was incubated with monoclonal or polyclonal anti-IL-6 (1:500), anti-IL-6 receptor (1:1000), p-Stat3 (1:1000), Stat3 (1:2000), E-Cadherin (1:500), Vimentin (1:1000), p-Slug (1: 500) and β-actin (1:100) overnight at 4˚C. The membrane was then incubated for 1 h with HRP-linked anti-mouse or anti-rabbit IgG (1:5000) diluted in TBST (10 mmol/l Tris-HCl, pH 8.0, containing 150 mmol/l NaCl and 0.1% and washed extensively with TBST and detected using the enhanced chemiluminescence system. The membranes were exposed to X-ray film (Amersham Biosciences). Intensities of immunoreactive bands were quantified using image analysis software (Scion).
Transient transfection of small interfering RNA. HeLa and C33A cells were transfected with small interfering RNA (siRNA) of Stat3 (Invitrogen) and scrambled oligonucleotide siRNA as a negative control using lipofectamine RNAiMAX (Invitrogen) according to the manufacturer's protocols. Transfection efficiency was confirmed by western blot analysis.
Statistical analysis. All data were assessed using the Student's t-test. Levels of statistical significance were set at P<0.05.
Results

Immunohistochemical features of human CSCC tissues.
To examine immunohistochemical characteristics of human CSCC, 10 normal human cervical epithelia and 16 human CSCC tissues were randomly selected for this study. Welldifferentiated and poorly-differentiated human CSCC were diagnosed by two pathologists. H&E staining showed histological features of well-differentiated CSCC as compared to normal cervical epithelium (Fig. 1A, upper panel) . Immunofluorescence staining for Ki67 in well-differentiated CSCC tissues showed that the majority of Ki67-positive cells (indicated by red nuclear staining) are restricted to the basal and parabasal layers (Fig. 1A , right middle panel). Immunofluorescence staining for CDK4 showed a uniform cytoplasmic and nuclear staining in well-differentiated CSCC tissues (Fig. 1A , right middle panel). Strong nuclear staining for Cyclin D1 was observed in well-differentiated CSCC tissues (Fig. 1A , right bottom panel). The normal cervical epithelia were either completely non-immunoreactive or exhibited weak immunoreactivity (Fig. 1A , left panels). Cytokeratin (CK) is one of intermediate filament proteins and has been used as epithelial-developed cancer marker (24) . To examine expression patterns of cytokeratin in human CSCC, well-differentiated and poorly-differentiated CSCC tissues were selected for staining with anti-CK8 and anti-CK14 antibodies. The significant positive staining for CK8 and CK14 was observed in all well-differentiated ( (25) . To determine the expression of p63 in human CSCC, well-differentiated CSCC tissues were selected for immunofluorescence staining with anti-p63 antibody. The p63 was expressed robustly in well-differentiated CSCC tissues (Fig. 1C , upper panel), and colocalization of p63 and Ki67 in cancer cells was demonstrated to significantly induce proliferation potential (Fig. 1C, bottom panel) . Quantitative analysis shows that 60% of p63 positive cancer cells were colocalized with Ki67 in well-differentiated CSCC tissues (Fig. 1D ). These data indicate that cell cycle-associated proteins, cytokeratins and p63 as immunohistochemical markers are highly expressed in well-differentiated human CSCC tissues.
Expression of IL-6R, Stat3, E-Cadherin and Vimentin in
human CSCC tissues. IL-6 has been reported to play an important role in tumor progression and metastasis in a variety of human cancers as a central proinflammatory factor. To examine the expression of IL-6R and its downstream protein Stat3 in human CSCC tissues, IL-6R and Stat3 expression were analyzed using immunofluorescence staining. Both IL-6Rα and IL-6Rβ staining were observed in cancer lesions in 15 out of 16 (93.8%) of human CSCC tissues ( Fig. 2A , right upper panels), whereas the negative control showed lack of staining for IL-6Rα and IL-6Rβ in normal cervical tissues and the positive staining for IL-6Rα and IL-6Rβ was restricted to the most basal and parabasal cells of normal squamous epithelium ( Fig. 2A, left upper panels) . Similarly, staining of Stat3 and p-Stat3 was observed in cancer lesions in 14 out of 16 (87.5%) of the human CSCC tissues (Fig. 2A , right bottom Table I . Primer sequences for amplification of human Interleukin-6, Vimentin, E-Cadherin, Stat3 or GAPDH.
panels), whereas the negative control showed lack of staining for Stat3 and p-Stat3 in normal cervical tissues ( Fig. 2A , left bottom panels). EMT is characterized by dramatic phenotypic changes in human cancers. To evaluate expression patterns of EMT in human CSCC tissues, both well-differentiated and poorly-differentiated CSCC tissues were selected for immunofluorescence staining with epithelial marker E-Cadherin and mesenchymal marker Vimentin. E-Cadherin was absent in poorly-differentiated CSCC tissues (Fig. 2B, bottom panel) , but was markedly observed in well-differentiated CSCC tissues (Fig. 2B, upper panel) . In contrast, Vimentin was absent in well-differentiated CSCC tissues ( Fig.2-B , upper panel), but was clearly expressed in poorly-differentiated CSCC tissues (Fig. 2B, bottom panel) . These data indicate that IL-6R and p-Stat3 are positively expressed in human CSCC tissues, and well-differentiated CSCC expresses high levels of E-Cadherin and low levels of Vimentin, whereas poorly-differentiated CSCC expresses high levels of Vimentin and low levels of E-Cadherin.
IL-6 stimulation induces IL-6 receptor expression in HeLa and
C33A cells. To examine expression level of IL-6 receptor in HeLa and C33A cells. We first investigated protein expression levels of endogenous IL-6, IL-6 receptor, p-Stat3, E-Cadherin, Vimentin and p-Slug using western blot analysis. The expression of IL-6, IL-6R and p-Stat3 proteins was significantly weaker in C33A cells as compared to HeLa cells (Fig. 3A ). Similarly, a low level in endogenous p-Slug protein was observed in C33A cells as compared to HeLa cells (Fig. 3A) . However, protein levels of endogenous E-Cadherin and Vimentin were not significantly different in both HeLa and C33A cells (Fig. 3A) . We next examined expression levels of IL-6R protein and mRNA in HeLa and C33A cells in response to IL-6 as compared to control and IL-6 + curcumin for 48 h using western blot analysis and real-time RT-PCR. The expression levels of IL-6R protein and mRNA were significantly increased in IL-6-treated HeLa (Fig. 3B and C, quantitative results) and C33A ( Fig. 3D and E, quantitative results) cells as comparing to control and IL-6 + curcumin. 
Treatment of IL-6 mediates cell proliferation and alters cell morphology.
There is increasing evidence to show that IL-6 is a regulator of cancer cell proliferation (26) . To examine whether IL-6 mediates growth of human cervical carcinoma cells, HeLa and C33A cells were treated with IL-6 or IL-6 + curcumin for 48 h. Cells were stained with anti-Ki67 antibody (Fig. 4A) . The cell proliferation was significantly mediated by IL-6 stimulation in IL-6-treated HeLa and C33A cells as compared to control and IL-6 + curcumin treatment groups ( Fig. 4A and B , quantitative results). To examine whether IL-6 mediates changes in cell morphology, we treated HeLa cells with IL-6 for 48 h. In the absence of IL-6 treatment, HeLa cells exhibited well-organized cell-cell association and islet-like structure, and characteristics of squamous cell carcinoma (Fig. 4C, upper panel) . Interestingly, IL-6 treatment induced cell elongation and increased scattering, resulting in a similar morphology to mesenchymal cells (Fig. 4C, bottom  panel) . These data indicate that IL-6 is able to mediate cell prolifer ation and alter cell morphology in HeLa cells.
IL-6 stimulation induces the EMT program in HeLa and C33A
cells. EMT is a process by which epithelial cells lose their cell polarity and cell-cell adhesion, and gain migratory and invasive properties to become mesenchymal cells. Many factors have been reported to induce EMT program in cancer progression and metastasis (27) . To evaluate whether EMT program caused by IL-6 exposure in human cervical carcinoma, we first examined the expression of EMT markers in HeLa cells by immunofluorescence staining. Cells treated with IL-6 for 48 h decreased E-Cadherin expression, but significantly increased Vimentin expression as comparing to the cells treated with IL-6 + curcumin (Fig. 5A ). Similar effects of E-Cadherin and Vimentin were observed in C33A cell line (Fig. 5D ). Interestingly, a transition to spindle-shaped morphology was also observed in HeLa cells (Fig. 5A ), but not in C33A cells (Fig. 5D ). We next determined the expression levels of E-Cadherin and Vimentin in HeLa cells in response to IL-6 treatment for 48 h by western blot analysis and real-time RT-PCR. The protein and mRNA levels of E-Cadherin were significantly decreased in HeLa cells treated with IL-6 as comparing to HeLa cells treated with DMSO and IL-6 + curcumin (Fig. 5B) . In contrast, the protein and mRNA levels of Vimentin markedly increased in HeLa cells in response to IL-6 treatment as comparing to HeLa cells treated with DMSO and IL-6 + curcumin (Fig. 5C ). Similar effects of E-Cadherin and Vimentin were observed in C33A cells ( Fig. 5E and F) . These results indicate that IL-6 exhibits an important role on the EMT induction in human cervical carcinoma cells by downregulation of epithelial markers and upregulation of mesenchymal markers. Strong staining of IL-6Rα and IL-6Rβ was detected on the cancer cell membrane in CSCC tissues (right upper and middle panels), whereas the positive staining of IL-6Rα and IL-6Rβ was only restricted in squamous epithelium in normal cervical tissues (left upper and middle panels). The expression of Stat3 was weakly detected in CSCC tissues (right middle panel), whereas p-Stat3 showed strong nuclear expression in CSCC tissues (right bottom panel) as comparing to normal cervical tissues (left middle and bottom panels). Nuclei were stained with DAPI (blue) (original magnification, x400 and x1000). (B) E-Cadherin was weakly expressed in poorly-differentiated human CSCC tissues (bottom panel), but it was markedly observed in welldifferentiated human CSCC tissues (upper panel). In contrast, Vimentin was lost in well-differentiated human CSCC tissues (upper panel), but it was clearly expressed in poorly-differentiated human CSCC tissues (bottom panel). Nuclei were stained with DAPI (original magnification, x400).
Treatment of HeLa and C33A cells with IL-6 increases phosphorylation of Stat3. Stat3 is a downstream protein of IL-6R
and plays a potential role in cervical cancer development. To investigate whether IL-6 directly activates Stat3 in human cervical carcinoma, we examined the expression of p-Stat3 in HeLa cells after treatment with IL-6 for 48 h. IL-6 treatment significantly increased the expression of p-Stat3 as compared to control and IL-6 + curcumin groups as demonstrated by immunofluorescence (Fig. 6A, quantitative results) . Also, an increase in p-Stat3 protein levels was observed in HeLa cells treated with various concentrations of IL-6 for 48 h and was significant difference at concentrations of 50 and 200 ng/ml (Fig. 6B, quantitative results) . Similar effect of p-Stat3 expression by IL-6 stimulation was observed by real-time RT-PCR in HeLa cells (data not shown). Stat3 and p-Stat3 protein levels were then measured by western blot analysis following treatment of HeLa cells with IL-6 and IL-6 + curcumin for 48 h. No changes in total Stat3 levels were noted at 48 h in treated cells as comparing to control, DMSO and IL-6 + curcumin groups (Fig. 6C) . In contrast, IL-6 stimulation significantly increased expression of p-Stat3 protein as comparing to control, DMSO and IL-6 + curcumin groups (Fig. 6C, quantitative results) . We next determined the p-Stat3 expression in C33A cells in response to IL-6 treatment for 48 h by immunofluorescence and western blot analysis. IL-6 treatment significantly increased the expression of p-Stat3 in C33A (Fig. 6D) . In addition, the p-Stat3 expression was increased in C33A cells treated with various concentrations of IL-6 for 48 h (Fig. 6E , quantitative results). The protein levels of p-Stat3 were significantly increased in C33A cells treated with IL-6 as comparing to C33A cells treated with DMSO and IL-6 + curcumin (Fig. 6F, quantitative results) . These results indicate that IL-6 (Fig. 7A) . Similar effects were observed in C33A cell line (Fig. 7B) . The Vimentin and E-Cadherin levels were then measured by western blot analysis following treatment of HeLa cells with and without IL-6 for 48 h. The protein levels of E-Cadherin were significantly increased in HeLa cells treated with IL-6 as compared to HeLa cells treated with control, but no difference for E-Cadherin was observed in HeLa cells untreated with IL-6 in control and siRNA groups (Fig. 7A) . In contrast, the protein levels of Vimentin markedly decreased in HeLa cells in response to IL-6 treatment as compared to HeLa cells treated with control, but Vimentin levels were significantly decreased in HeLa cells untreated with IL-6 in siRNA group as comparing to control (Fig. 7A) . Similar effects were observed in C33A cell line (Fig. 7B) . IL-6 treatment in HeLa cells significantly decreased expression of p-Slug protein in siRNA group as compared to control. In contrast, p-Slug levels were also decreased in HeLa cells untreated with IL-6 in siRNA group as compared to control (Fig. 7A) . No changes in p-Slug protein levels were noted in C33A cells treated and untreated with IL-6 in control and siRNA groups (Fig. 7B) . These results indicate that IL-6-induced E-Cadherin downregulation and Vimentin upregulation were dramatically blocked by knockdown of Stat3, suggesting that Stat3 may participate in IL-6-induced EMT program in HeLa and C33A cells.
Discussion
EMT is an important process in many types of human epithelial carcinoma including cervical carcinoma (19) . Despite HPV infection has been reported to be a major risk for developing cervical carcinoma, however cervical carcinoma is also closely associated with inflammatory conditions (3, 4) . Studies have shown that many Inflammation mediators can trigger EMT program in progression of human cancers. IL-6 is one of pro-inflammatory cytokines that activates its downstream protein Stat3 within the tumor microenvironment and plays an important role in the pathogenesis of human cervical carcinoma (28, 29) . In this study, we investigated the role of IL-6 as an inducer of EMT through its downstream signaling molecule Stat3 in human cervical carcinoma. In human CSCC tissues, we observed overexpression of IL-6R signaling molecules and EMT markers, suggesting that these molecules and markers are necessary for develop ment of human CSCC. Interestingly, the expression of epithelial cell marker E-Cadherin was more dominant than mesenchymal cell marker Vimentin in well-differentiated CSCC Figure 5 . IL-6 treatment induces EMT in HeLa and C33A cells. (A) HeLa cells were treated without IL-6 (as a control) and with IL-6 (50 ng/ml), IL-6 + curcumin (10 µM) for 48 h. Cells were stained with anti-E-Cadherin antibody and rhodamine-conjugated secondary antibody (red) or stained with anti-Vimentin antibody and fluorescein isothiocyanate-conjugated secondary antibody (green). Nuclei were stained with DAPI (blue) (original magnification, x400). (B and C) HeLa cells were treated without IL-6 (as a control) and with DMSO, IL-6 (50 ng/ml) and IL-6 + curcumin (10 µM) for 48 h. Total protein was extracted from control, DMSO and treated cells. The protein levels of E-Cadherin (B, left) and Vimentin (C, left) were analyzed using western blot analysis. Similarly, total RNA was extracted from control and treated cells. The mRNA levels of E-Cadherin (B, right) and Vimentin (C, right) were determined using real-time RT-PCR. Real-time PCR for GADPH served as an internal control. (D) C33A cells were treated without IL-6 (as a control) and with IL-6 (50 ng/ml), IL-6 + curcumin (10 µM) for 48 h. Cells were stained with anti-E-Cadherin antibody and rhodamine-conjugated secondary antibody (red) or stained with anti-Vimentin antibody and fluorescein isothiocyanate-conjugated secondary antibody (green). Nuclei were stained with DAPI (blue) (original magnification, x400). (E and F) C33A cells were treated without IL-6 (as a control) and with DMSO, IL-6 (50 ng/ml) and IL-6 + curcumin (10 µM) for 48 h. Total protein was extracted from control, DMSO and treated C33A cells. The protein levels of E-Cadherin (E, left) and Vimentin (F, left) were analyzed using western blot analysis. Similarly, total RNA was extracted from control and treated cells. The mRNA levels of E-Cadherin (E, right) and Vimentin (F, right) were determined using real-time RT-PCR. Real-time PCR for GADPH served as an internal control. The intensity of bands was quantified using ImageJ software and normalized to β-actin. and with DMSO, IL-6 (50 ng/ml) and IL-6 + curcumin (10 µM) for 48 h. Cell lysates were subjected to immunoblot analysis using anti-p-Stat3 and anti-Stat3 antibodies. β-actin was a loading control. (D) C33A cells were treated with IL-6 (50 ng/ml) for 48 h. Cells were stained with anti-p-Stat3 (Y705) antibody and rhodamine-conjugated secondary antibody (red) (original magnification, x400). (E) C33A cells were stimulated with IL-6 (5, 50 and 200 ng/ml) and without IL-6 (as a control) for 48 h. Cell lysates were subjected to immunoblot analysis using anti-p-Stat3 antibody and β-actin as a loading control. (F) C33A cells were treated without IL-6 (as a control) and with DMSO, IL-6 (50 ng/ml) and IL-6 + curcumin (10 µM) for 48 h. Cell lysates were subjected to immunoblot analysis using anti-p-Stat3 and anti-Stat3 antibodies. β-actin was used as a loading control. The intensity of bands was quantified using ImageJ software and normalized to β-actin. tissues, whereas Vimentin was more strongly expressed in poorly-differentiated CSCC tissues than E-Cadherin. This is consistent with data obtained from Cheng et al (30) . Further evidence from cytokeratins (CK8 and CK14) and p63 staining support that the expression of epithelial cell markers was the major phenotype in well-differentiated human CSCC tissues. Our data show that 60% of p63 positive cancer cells were colocalized with Ki67 in well-differentiated CSCC tissues, suggesting that the colocalization of p63 and Ki67 in cancer cells was demonstrated to significantly induce proliferation potential. We also observed that the expression of N-Cadherin and β-Catenin (data not shown) was significantly increased in well-differentiated human CSCC tissues. E-Cadherin and N-Cadherin are known to anchor and sequester β-Catenin on the cell membrane and preventing its activation; the activation of β-Catenin may result from the upregulation of E-Cadherin and the downregulation of N-Cadherin (31). Moreover, we observed a loss of Vimentin in well-differentiated CSCC lesion and a strong expression of Vimentin in the connective tissues surrounding the CSCC lesion. However, we do not know whether EMT can be triggered directly by IL-6 in human CSCC tissue, because we were unable to examine the relationship between IL-6 and EMT program using human tumor tissues.
To identify whether IL-6 is involved in EMT induction and development of cervical carcinoma, HeLa, an HPV-positive cervical cancer cell line and C33A, an HPV-negative cervical cancer cell line were chosen for in vitro experiment. Interestingly, both HeLa and C33A cells treatment with IL-6 promoted IL-6R expression, cell proliferation, and morphology alteration, despite the expression levels of endogenous IL-6, IL-6R and p-Stat3 were weaker in C33A cells as comparing to HeLa cells. One possibility we consider is that the activation of IL-6R signaling may not be dependent on HPV infection. We found that IL-6 treatment in HeLa and C33A cells decreased the expression of epithelial cell markers such as E-Cadherin and β-Catenin (data not shown), but increased the expression of mesenchymal cell markers such as Vimentin and N-Cadherin (data not shown). Interestingly, a transition to spindle-shaped morphology was detectable in HeLa cells, but not in C33A cells. We also found that Stat3 was upregulated upon IL-6 stimulation in both HeLa and C33A cells. Furthermore, induction of Stat3 by IL-6 was successfully inhibited by the IL-6R inhibitor curcumin, indicating that IL-6-mediated Stat3 induction and subsequent EMT are dependent on IL-6R activation. Although Sullivan et al (32) have reported that IL-6 can induce EMT change in human breast cancer cells through Stat3 activation, whether Stat3 plays a role in EMT induction in human cervical carcinoma still remains to be determined. In our present study, we found that knockdown of Stat3 reversed IL-6-induced EMT program in cervical carcinoma cells, suggesting that Stat3 may be involved in EMT change and may be one of the mechanisms responsible for the regulation of IL-6R expression. Slug has been reported as a major transcriptional repressor to downregulate E-Cadherin expression resulted in initiating events in EMT (33) . In our study, we further found that p-Slug expression was significantly decreased by knockdown of Stat3 in HeLa cells, but not in C33A cells, suggesting that the activation of Stat3 is important for Slug expression in human cervical carcinoma. However, we do not know why p-Slug expression in HeLa cells and C33A cells is different after knockdown of Stat3. Therefore, our data indicated that IL-6 is a novel inducer of EMT via Stat3 in human cervical carcinoma cell lines, HeLa and C33A. Cells treated with or without IL-6 for 48 h and whole-cell extracts were analyzed by SDS-PAGE. The protein expression levels of p-Stat3, E-Cadherin, Vimentin and p-Slug were examined by western blot analysis. Equal protein loading was verified by stripping the blots and reprobing with β-actin antibody. (B) Stat3 was knocked down in C33A cells by respective siRNA. Cells were treated with or without IL-6 for 48 h, and cell lysates were subjected to immunoblot analysis using anti-p-Stat3, anti-E-Cadherin, anti-Vimentin and anti-p-Slug antibodies. The intensity of bands was quantified using ImageJ software and normalized to β-actin as a loading control.
Our study provides new insight into the regulation of EMT by IL-6 via activation of Stat3 in human cervical carcinoma. First, our data demonstrate that epithelial cell markers, CK8, CK14 and p63, showed more extensive and intense expression in well-differentiated CSCC lesion with epithelial morphology, suggesting that these markers, like E-Cadherin, may play important roles in the development of human cervical carcinoma. Second, our data indicate that knockdown of Stat3 resulted in upregulation of E-Cadherin and downregulation of Vimentin in cervical carcinoma cells, suggesting that IL-6 may participate in Stat3-induced Slug expression in HeLa cells, and may mediate Stat3-induced downregulation of E-Cadherin.
The present study also has some limitations. Welldifferentiated and poorly-differentiated human CSCC tissues were surgically collected from patients rather than radiotherapy or chemotherapy. However, the problem with this is that by only studying tissues from a few well-differentiated and poorly-differentiated human CSCC, determining the role that IL-6 may be playing throughout disease progression is limited. Therefore, further studies using larger patient populations are necessary to explore the role of IL-6 for different types of cervical carcinoma in order to obtain more reliable results.
In conclusion, our results reveal that IL-6 induced the EMT program in human cervical carcinoma cells via the activation of Stat3, and Stat3 knockdown significantly reversed IL-6-induced EMT program. These results provide a mechanistic explanation for Stat3 as an important player in IL-6-driven EMT program, it is possible that blockage of Stat3 may be a good approach to treat human cervical carcinoma that are driven by IL-6/IL-6R signaling. Overall, our findings indicate that Stat3 plays an important role in IL-6-induced EMT and may serve as an attractive therapeutic target for human cervical carcinoma driven by IL-6/IL-6R signaling.
